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(3) Vehicle air bag apparatus. 

® Air bags are located at different positions within a vehicle. Squibs serve to fire and activate the air 
bags respectively. An acceleration detecting device is provided in common to the squibs for detecting 
an acceleration of the vehicle upon a collision of the vehicle and executing a switching operation in 
response to the detected vehicle acceleration. Constant-current circuits supplied with an electric power 
from a vehicle battery feed constant electric currents for a firing operation to the squibs respectively in 
response to the switching operation of the acceleration detecting device. An energy storage device 
serves to feed a backup electric power to the constant-current circuits when the supply of the electric 
power from the vehicle battery is cut off. Each of the constant-current circuits includes a first transistor 
for feeding an electric current to the related squib, a first resistor for detecting a level of the electric 
current fed to the squib, a second transistor conducting an electric current with a level which depends 
on the electric current level detected by the first resistor, and a second resistor for generating a voltage 
which depends on the electric current conducted by the second transistor and for controlling the first 
transistor in response to the generated voltage. 
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This invention relates to apparatus for protecting 
the occupants of a vehicle in the event of a collision 
or the like, more particularly, though not exclusively, 
the invention relates to such apparatus comprising 
inflatable means such as a plurality of air bags. 

A known motor-vehicle air bag system includes 
air bags and firing means more particularly so-called 
"squibs* for activating the air bags. The squibs are 
connected to an electric power supply via resistors re- 
spectively. An energy storage backup capacitor is 
connected in parallel to the electric power supply. The 
squibs are arranged in parallel to each other. When 
one of the squibs fails into a short-circuited state, the 
arrangement of the resistors connected to the squibs 
enable the other squib to receive a necessary drive 
current from the electric power supply and the backup 
capacitor. However, the resistors consume certain 
amounts of electric power, which in turn requires more 
power to be supplied by the power supply or the 
backup capacitor. 

One object of the present invention is to provide 
an improved apparatus for protecting the occupants of 
a vehicle, such as vehicle air bag apparatus. 

According to a first aspect of this invention we 
propose apparatus such as vehicle air bag apparatus, 
for protecting the occupants of a vehicle, comprising 
first and second portion means such as for example 
first and second air bags located at different positions 
within a vehicle for protecting occupants of the ve- 
hicle; first and second firing and activating means 
which may be squibs for firing and activating the first 
and second air bags respectively; acceleration 
detecting means provided in common to the first and 
second firing and activating means squibs for detect- 
ing an acceleration of the vehicle upon a collision of 
the vehicle and executing a switching operation in res- 
ponse to the detected vehicle acceleration; first and 
second constant-current circuits supplied with an 
electric power from a vehicle battery and feeding con- 
stant electric currents for a firing operation to the first 
and second firing and activating means respectively 
in response to the switching operation of the acceler- 
ation detecting means; and energy storage means for 
feeding backup electric power to the first and second 
constant-current circuits when the supply of the elec- 
tric power from the vehicle battery to the first and sec- 
ond constant-current circuits is cut off; wherein each 
of the first and second constant-current circuits com- 
prises a first transistor for feeding electric current to 
the related firing and activating means, a first resistor 
for detecting a level of the electric current fed to the 
firing and activating means, a second transistor con- 
ducting an electric current with a level which depends 
on the electric current level detected by the first resis- 
tor, and a second resistor for generating a voltage 
which depends on the electric current conducted by 
the second transistor and for controlling the first tran- 
sistor in response to the generated voltage to control 



the electric current fed to the firing and activating 
means. 

A second aspect of this Invention provides a ve- 
hicle air bag apparatus comprising first and second air 
5 bags located at different positions within a vehicle for 
protecting occupants of the vehicle; first and second 
squibs for firing and activating the first and second air 
bags respectively; acceleration detecting means for 
detecting an acceleration of the vehicle upon a colli- 
sion of the vehicle and executing a switching oper- 
ation in response to the detected vehicle acceleration; 
first and second constant-current circuits supplied 
with an electric power from a vehicle battery and feed- 
ing constant electric currents for a firing operation to 
the first and second squibs respectively in response 
to the switching operation of the acceleration detect- 
ing means; and energy storage means for feeding a 
backup electric power to the first and second con- 
stant-current circuits when the supply of the electric 
power from the vehicle battery to the first and second 
constant-current circuits is cut off; wherein each of the 
first and second constant-current circuits comprises a 
first transistor for feeding an electric current to the 
related squib, a first resistor for detecting a level of the 
electric current fed to the squib, a second transistor 
conducting an electric current with a level which 
depends on the electric current level detected by the 
first resistor, a second resistor for generating a volt- 
age which depends on the electric current conducted 
by the second transistor and for controlling the first 
transistor in response to the generated voltage to con- 
trol the electric current fed to the squib, and a third 
transistor connected in parallel with the second tran- 
sistor for ensuring an operation of the second transis- 
tor. 

According to a third aspect of this invention we 
propose apparatus such as vehicle air bag apparatus 
for protecting occupants in a vehicle comprising first 
and second air bags or other protection means; first 
and second means such as for example squibs for 
activating the first and second air bags respectively; 
means for detecting a collision of a vehicle; means for 
supplying first and second electric currents to the first 
and second fixing and activating means respectively 
when the detecting means detects the collision of the 
vehicle; first regulating means for regulating the first 
electric current; and second regulating means for 
regulating the second electric current; wherein the 
first regulating means comprises varying means for 
varying the first electric current, sensing means for 
sensing a level of the first electric current, and first and 
second control means for controlling the varying 
means in response to the first electric current level 
sensed by the sensing means, the first and second 
control means backing up each other when one of the 
first and second control means fails. 

A fourth aspect of this invention provides a ve- 
hicle air bag apparatus comprising first and second air 
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bags; first and second squibs for activating the first 
and second air bags respectively; means for detecting 
a coilision of a vehicle; means for supplying first and 
second electric currents to the first and second squibs 
respectively when the detecting means detects the s 
collision of the vehicle; first regulating means for regu- 
lating the first electric current; and second regulating 
means for regulating the second electric current; whe- 
rein the first regulating means comprises first varying 
means for vaiying the first electric current, first sens- 10 
ing means for sensing a level of the first electric cur- 
rent, and first and second control means for 
controlling the first varying means in response to the 
first electric current level sensed by the first sensing 
means, and the first and second control means back- is 
ing up each other when one of the first and second 
control means fais; wherein the second regulating 
means comprises second varying means for varying 
the second electric current, second sensing means 
for sensing a level of the second electric current, and 20 
third and fourth control means for controlling the sec* 
ond varying means in response to the second electric 
current level sensed by the second sensing means, 
the third and fourth control means backing up each 
other when one of the third and fourth control means 25 
fails. 

Embodiments of the invention, will now be des- 
cribed by way of example with reference to the accom- 
panying drawings in which: 

Figure 1 is a circuit diagram of a vehicle air bag 30 
type protection apparatus; 
Figure 2 is a circuit diagram of a part of conven- 
tional vehicle air bag type protection apparatus; 
Figure 3 is a schematic diagram of an equivalent 
circuit of the apparatus of Figure 1 ; 35 
Figure 4 is a diagram of another embodiment of 
vehicle air bag type protection apparatus; and 
Figures 5(A) and 5(B) are flowcharts of a pro- 
gramme controlling the microcomputer shown in 
Figure 4. 40 
With reference to Figure 1, a control circuit of a 
vehicle air bag apparatus includes a vehicle battery 1 , 
a vehicle engine ignition switch 2, a backup capacitor 
3, squibs 5 and 10, and an acceleration (deceleration) 
detection switch 4. The backup capacitor 3 is connec- 45 
ted in parallel with the battery 1 via the ignition switch 
2. When the ignition switch 2 is closed, the backup 
capacitor 3 is charged by an electric current supplied 
from the battery 1. The squib 5 serves to activate an 
air bag 5a provided at the driver's seat in the vehicle, so 
The squib 10 serves to activate an air bag 10a pro- 
vided at the assistant driver's seat in the vehicle. The 
acceleration detection switch 4 includes an acceler- 
ation (deceleration) sensing section for sensing an 
acceleration (deceleration) of the vehicle, and a ss 
switching section responsive to the acceleration 
sensing section. When a collision of the vehicle 
occurs and a predetermined acceleration (deceler- 



ation) of the vehicle is detected by the acceleration 
sensing section of the acceleration detection switch 4, 
the acceleration detection switch 4 is closed. First 
ends of th squibs 5 and 10 are connected via the 
acceleration detection switch 4 to a first end of the 
backu p capacitor and the negative terminal of the bat- 
tery 1. Second ends of the squibs 5 and 10 are con- 
nected via respective constant-current circuits 
(current regulating circuits) A and B to a second end 
of the backup capacitor 3 which leads to the positive 
terminal of the battery 1 via the ignition switch Z 
When the acceleration detection switch 4 is closed, 
electric currents generated by the battery 1 and the 
backup capacitor 3 flow through the squibs 5 and 10 
so that the air bags 5a and 10 are activated respect* 
ively. The constant-current circuits A and B regulate 
the currents through the squibs 5 and 10 at predeter- 
mined levels respectively. 

The constant-current circuit A includes a combi- 
nation of transistors 6 and 7 and resistors 8 and 9. The 
resistor 8 serves to sense the current. The resistor 9 
serves to apply a suitable bias potential to the transis- 
tor 6. The constant-current circuit B is similar to the 
constant-current circuit A, including a combination of 
transistors 1 1 and 12 and resistors 13 and 14. 

The control circuit of Fig. 1 operates as follows. 
When the ignition switch 1 is closed, an electric cur- 
rent is supplied to the backup capacitor 3 from the bat- 
tery 1 so that the backup capacitor 3 is charged. The 
backup capacitor 3 serves to feed necessary currents 
to the squibs 5a and 10 in cases where the battery 1 
is damaged or the connection to the battery 1 is bro- 
ken upon a collision of the vehicle. 

When a collision of the vehicle occurs and the 
acceleration detection switch 4 is closed, electric cur- 
rents generated by the battery 1 and the backup 
capacitor 4 flow through the squibs 5 and 10 and the 
constant-current circuits A and B. The currents flow- 
ing through the squibs 5 and 10 are regulated at pre- 
determined levels by the constant-current circuits A 
and B. The current flowing through the squibs 5 and 
10 fire associated explosives (not shown), inflating 
the air bags 5a and 10a respectively. 

In this case, the constant-current circuit A oper- 
ates as follows. The level of a current flowing through 
the current sensing resistor 8 is equal to the sum of 
the level of a current flowing through the squib 5 and 
the level of a base drive current to the transistor 6. The 
current-amplification factor of the transistor 6 is cho- 
sen so that the level of the current flowing through the 
current sensing resistor 8 will be approximately equal 
to the level of the current flowing through the squib 5. 
Thus, there occurs a voltage across the current sens- 
ing resistor 8 which is approximately proportional to 
the current flowing through the squib 5. When the volt- 
age across the current sensing resistor 8 exceeds a 
predetermined level, that is, when the current flowing 
through the squib 5 exceeds a predetermined level, 



4 



5 



EP 0 453 255 A1 



6 



the transistor 7 is made conductive and the transistor 
6 is reverse-biased by the resistor 9 so that the current 
flowing through the transistor 6 and the squib 5 will be 
decreased. When the voltage across the current 
sensing resistor 8 drops below the predetermined 
level, that is, when the current flowing through the 
squib 5 drops below the predetermined level, the tran- 
sistor 7 is made non-conductive and the transistor 6 
is less reverse-biased by the resistor 9 so that the cur- 
rent flowing through the transistor 6 and the squib 5 
will be increased. As a result, the current flowing 
through the squib 5 is maintained approximately at the 
predetermined level. The operation of the constant- 
current circuit B '« simitar to the operation of the con- 
stant-current circuit A. As a result of the operation of 
the constant-current circuit B, the current flowing 
through the squib 10 is maintained approximately at 
a predetermined level. 

The squibs 5 and 10 sometimes fall into short-cir- 
cuited states upon the firing of the associated explo- 
sives. Even in the case where one of the squibs 5 and 
10 fails into a short-circuited state, the constant-cur- 
rent circuit associated with the short-circuited squib 
limits the current through the short-drcufted squib at 
the predetermined level and the other squib is sup- 
plied with a necessary current via the associated con- 
stant-current circuit so that the other squib reliably 
activates the associated air bag. 

As described previously, in cases where the bat- 
tery 1 is damaged or the connection to the battery 1 
Is broken upon a collision of the vehicle, the backup 
capacitor 3 supplies necessary currents to the squibs 
5 and 10 to inflate the air bags 5a and 10a. 

In cases where the voltages across the battery 1 
and the backup capacitor 3 are low, the voltages 
across the current sensing resistors 8 and 13 are low 
and the transistors 7 and 12 remain non-conductive 
so that the transistors 6 and 1 1 continue to be conduc- 
tive. In these cases, the squibs 5 and 10 are subjected 
to the voltage which equals the voltage across the bat- 
tery 1 or the backup capacitor 3 minus a small voltage 
drop in the constant-current circuits A and B, so that 
the squibs 5 and 10 can receive currents adequate to 
activate the air bags 5a and 10a. 

The advantage of the control circuit of Fig. 1 over 
a prior art control circuit will be explained hereinafter. 
Fig. 2 shows a prior art control circuit including a 
backup capacitor C1, an acceleration (deceleration) 
detection switch C1, current controlling resistors R1 
and R2 t and squibs SQ1 and SQ2. The internal resi- 
stances of the squibs SQ1 and SQ2 are represented 
by RSQ1 and RSQ2 respectively. It is now assumed 
that the internal resistances RSQ1 and RSQ2 of the 
squibs SQ1 and SQ2 and the resistances of the resis- 
tors R1 and R2 are equal to 2 ohms, and that required 
currents flowing through the squibs SQ1 and SQ2 are 
equal to 1.5 A. in this case, the voltage across the 
backup capacitor C1 which is required upon the clos- 



ing of the acceleration detection switch S1 is expres- 
sed as follows. 

(RSQ1 * R1)x1.5 = (2 + 2)x1.5 - 6(V) 
where R1 represents the resistance of the resistor R1. 
5 When one of the squibs SQ1 and SQ2 is in a 

short-circuited state, the backup capacitor C1 is 
required to generate an electric current of the follow- 
ing level. 

6/(2 + 2) + 6/(2 + 0) = 4.5 (A) 

w In the prior art control circuit of Fig. 2, under the 
previously-mentioned conditions, the required volt- 
age across the backup capacitor C1 is equal to 6 V> 
and the required current generated by the backup 
capacitor C1 is equal to 4.5 A when one of the squibs 

is SQ1 and SQ2 is in the short-circuited state. 

Fig. 3 shows an equivalent circuit for the control 
circuit of Fig. 1. The control circuit of Fig. 3 includes 
a backup capacitor C2, an acceleration (deceleration) 
detection switch S2, constant-current circuits T1 and 

20 T2, and squibs SQ3 and SQ4. It is now assumed that 
the internal resistances of the squibs SQ3 and SQ4 
are equal to 2 ohms and the saturation voltage of the 
constant-current circuits T1 and T2 is equal to 1 V, 
and that the level of the currents regulated by the con- 

25 stant-current circuits T1 and T2 is equal to 1.5 A. In 
this case, the voltage across the backup capacitor C 1 
which is required upon the closing of the acceleration 
detection switch S1 is expressed as follows. 

2x1-5 ♦ 1 = 4(V) 

30 When one of the squibs SQ3 and SQ4 Is in a 
short-circuited state, the backup capacitor C2 is 
required to generate an electric current of the follow- 
ing level. 

1.5 ♦ 1.5 = 3(A) 

35 In the control circuit of Fig. 3, under the pre- 
viously-mentioned conditions, the required voltage 
across the backup capacitor C2 is equal to 4 V, and 
the required current generated by the backup capaci- 
tor C2 is equal to 3 A when one of the squibs SQ3 and 

40 SQ4 is in the short-circuited state. The required volt- 
age across the backup capacitor C2 and the required 
current generated by the backup capacitor C2 in the 
control circuit of Fig. 3 are smaller than the corre- 
sponding voltage and current in the prior control cir- 

45 cuit of Fig. 2. Thus, the capacitance of the backup 
capacitor C2 In the control circuit of Fig. 3 can be 
smaller than the capacitance of the backup capacitor 
C1 in the prior art control circuit of Fig. 2. 

so DESCRIPTION OF THE SECOND PREFERRED 
EMBODIMENT 

With reference to Fig. 4, a vehicle air bag 
apparatus includes a transducer 21 , a microcomputer 
55 22, and a squib firing transistor 4a. The transducer 21 
is of a semiconductor type, outputting an acceleration 
signal representing an acceleration (deceleration) of 
a vehicle. The microcomputer 22 detects a collision of 
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the vehicle in response to the acceleration signal. 
When a collision of the vehicle is detected, the micro- 
computer 22 makes the firing transistor 4a conduc- 
tive. 

A squib 5 serves to activate an air bag 5a pro- s 
vided at the driver's seat in the vehicle. Another squib 
10 serves to activate an air bag 10a provided at the 
assistant driver's seat in the vehicle. First ends of the 
squibs 5 and 10 are connected to a first end of a 
backup capacitor 3 and the negative terminal of a ve- 10 
hide battery 1 via the emitter-collector path of the fir- 
ing transistor 4a. Second ends of the squibs 5 and 1 0 
are connected via deceleration responsive switches 
15 and 18, and constant-current circuits A and B to a 
second end of the backup capacitor 3 which leads to 15 
the positive terminal of the battery 1 via a reverse-cur- 
rent blocking diode 23 and a vehicle engine ignition 
switch 2. The deceleration responsive switches 15 
and 18 are of a known mechanical type, being closed 
in response to a deceleration of the vehicle which is 20 
smaller than a peak of a vehicle-collision deceler- 
ation. Transistors 17 and 20 connected to the con- 
stant-current circuits A and B serve as switches for 
selectively enabling and disabling the constant-cur- 
rent circuits A and B respectively. In other words, the 25 
transistors 17 and 20 serve to selectively allow and 
inhibit operations of the constant-current circuits A 
and B respectively. 

The microcomputer 22 can be powered by an 
electric current from the battery 1 and the backup 30 
capacitor 3. The microcomputer 22 is connected to 
the ends of the squibs 5 and 10 via lines 100, 101. and 
1 02. Specifically, the first ends of the squib 5 and 10 
are connected in common to the microcomputer 22 
via the line 1 02. The second ends of the squibs 5 and 35 
10 are connected to the microcomputer 22 via the 
lines 100 and 101 respectively. When the ignition 
switch 2 is closed, the microcomputer 22 executes a 
primary check to decide whether or not the power sup- 
ply lines to the squibs 5 and 10 are normal. During the 40 
primary check, the microcomputer 22 functions to 
enable small currents to flow through the squibs 5 and 
10. For this purpose, the microcomputer 22 makes the 
firing transistor 4a and the switching transistors 17 
and 20 conductive. When the switching transistors 17 45 
and 20 are made conductive, transistors 6 and 11 
within the constant-current circuits A and B fall into 
non-conductive states so that the operation of the 
constant-current circuits A and B is disabled. In this 
case, monitorresistors 16a, 16b, 19a, and 19benabie so 
electric currents to flow from the battery 1 and the 
backup capacitor 3 through the squibs 5 and 10. The 
monitorresistors 16a, 16b, 19a, and 19b are designed 
so that the currents flowing through the squibs 5 and 
10 will be limited to small levels at which the squibs 5 55 
and 10 remain inactive. The monitor resistors 16a, 
16b, 19a, and 19b are connected in parallel with the 
deceleration responsive switch 15, the transistor 6, 



the deceleration responsive switch 18, and the tran- 
sistor 11 respectively. The small currents flowing 
through the squibs 5 and 1 0 cause predetermined vol- 
tages to appear at the ends of the squibs 5 and 10. 
The microcomputer 22 is informed of the voltages at 
the ends of the squibs 5 and 1 0 via the lines 1 00, 1 01 , 
and 102. During the primary check, the microcompu- 
ter 22 executes the previously-mentioned decision by 
referring to the voltages at the ends of the squibs 5 
and 10. In addition, during the primary check, the 
microcomputer 22 temporarily activates a lamp 24 on 
a vehicle instrument panel (not shown). The lamp 24 
is connected between the battery 1 and the microcom- 
puter 22. Also, when the microcomputer 22 detects 
that the power supply lines to the squibs 5 and 10 are 
wrong, the microcomputer 22 activates the lamp 24. 
Such a wrong condition of the power supply lines to 
the squibs 5 and 10 results from a line break, a short 
circuit, or other malfunctions. 

The constant-current circuit A of Fig. 4 is similar 
to the constant-current circuit A of Fig. 1 except that 
a parallel combination of transistors 7a and 7b replace 
a single transistor 7. According to this design, the con- 
stant-current circuit A can maintain its normal oper- 
ation even when one of the transistors 7a and 7b 
malfunctions, for example, when the emitter-collector 
path of one of the transistors 7a and 7b breaks. Thus, 
the transistors 7a and 7b back up each other in the 
case of a malfunction of one of them. In the constant- 
current circuit A of Fig, 1 , it k difficult to check the tran- 
sistor 7 until the transistor 7 is operated to feed a 
constant current, that is, it is difficult to check the tran- 
sistor 7 through the primary check. In views of this 
fact, the constant-current circuit A of Fig. 4 adopts the 
arrangement of the parallel combination of the tran- 
sistors 7a and 7b to realize the backup design to 
increase the reliability of the vehicle air bag 
apparatus. The constant-current circuit B is similar to 
the constant-current circuit A, and includes a parallel 
combination of transistors 12a and 12b. The micro- 
computer 22 can detect a malfunction of the transis- 
tors 6 and 1 1 within the constant-current circuits A and 
B by checking the voltages at the lines 100, 101, and 
102. 

The microcomputer 22 includes a combination of 
an I/O port, a CPU, a ROM, and a RAM. The micro- 
computer 22 operates in accordance with a program 
stored in the ROM. Figs. 5(A) and 5(B) are a flowchart 
of this program. 

As shown in Fig. 5(A), when the ignition switch 2 
is closed so that the microcomputer 22 is powered by 
the battery 1, the microcomputer 22 starts the prog- 
ram at a step 200 and then the program advances to 
a step 201. The step 201 activates the lamp 24 and 
makes the switching transistors 17 and 20 conduc- 
tive. The activation of the lamp 24 informs the vehicle 
driver that a primary check is being executed. When 
the switching transistors 1 7 and 20 are made conduc- 
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tive, the associated constant-current circuits A and B 
are disabled as described previously. After the step 
201, the program advances to a step 202 which 
makes the firing transistor 4a conductive. Under con- 
ditions where the power supply lines to the squibs 5 
and 10 are normal, when the switching transistors 17 
and 20 and the firing transistor 4a are made conduc- 
tive, small currents flow through the squibs 5 and 10 
as described previously. The voltage at the line 102 
connected to the junction among the squibs 5 and 10 
and the firing transistor 4a assumes a low level and a 
high level when the firing transistor 4a is normal and 
wrong respectively. A step 203 following the step 201 
decides whether or the voltage at the line 102 is in a 
low level. When the voltage at the line 102 is decided 
to be in the low level, that is, when the firing transistor 
4a is judged to be normal , the program advances from 
the step 203 to a step 204. When the voltage at the 
line 102 is decided to be not in the low level, that is, 
when the firing transistor 4a is judged to be wrong, the 
program returns from the step 203 to the step 202. 

The step 204 makes the firing transistor 4a and 
the switching transistors 17 and 20 non-conductive. 
When the switching transistors 17 and 20 are made 
non-conductive, the associated constant-current cir- 
cuits A and B are enabled as described previously. 
After the step 204, the program advances to a step 
205. The step 205 decides whether or not a predeter- 
mined time, for example, 6 seconds, has elapsed from 
the moment of powering the microcomputer 22. When 
the step 205 decides that the predetermined time has 
not yet elapsed, the step 205 Is reiterated. When the 
step 205 decides that the predetermined time has 
elapsed, the program advances from the step 205 to 
a step 206 which deactivates the lamp 24. The deac- 
tivation of the lamp 24 informs the vehicle driver that 
the primary check has been completed. As under- 
stood from the previous description, in the event of a 
malfunction of the firing transistor 4a, the steps 202 
and 203 continue to be reiterated so that the step 206 
remains unexecuted and thus the lamp 24 keeps acti- 
vated. This continuous activation of the lamp 24 
informs the vehicle driver of the malfunction of the fir- 
ing transistor 4a. 

After the step 206, the program advances to a 
step 207 of Fig. 5{B). The step 207 processes the 
acceleration signal from the transducer 21 to derive 
the acceleration (deceleration) of the vehicle. This 
signal process includes integrating the acceleration 
signal for the removal of noise. A step 208 following 
the step 207 decides whether or not the vehicle accel- 
eration (deceleration) derived by the step 207 is smal- 
ler than a collision-detecting reference acceleration 
(deceleration). When the vehicle acceleration is 
decided to be smaller than the reference acceleration, 
that is, when a collision of the vehicle is judged to be 
absent, the program advances from the step 208 to a 
step 210 which keeps the firing transistor 4a non-con- 



ductive. When the vehicle acceleration is decided to 
be equal to or greater than the reference acceleration, 
that is, when a collision of the vehicle is judged to be 
present, the program advances from the step 208 to 

s a step 209 which changes the firing transistor 4a to a 
conductive state, it should be noted that, during a col- 
lision of the vehicle, the acceleration responsive 
switches 15 and 18 are closed before the step 208 
detects the collision of the vehicle. Therefore, the 

10 squibs 5 and 10 receive drive currents via the con- 
stant-current circuits A and B in response to the 
change of the firing transistor 4a to the conductive 
state so that the squibs 5 and 10 activate the air bags 
5a and 10a respectively. The drive currents flowing 

15 through the squibs 5 and 10 are regulated at predeter- 
mined levels by the constant-current circuits A and B 
as described previously. 

As will be made clear later, steps subsequent to 
the steps 209 and 210 serve to detect a break, a short- 

20 circuit, or other malfunctions of the power supply lines 
to the squibs 5 and 10 by referring to the voltages at 
the lines 100. 101, and 102. The voltage at the line 
102 assumes a high level and a low level when a 
resistor 25 connected in parallel to the firing transistor 

25 4a is normal and short-circuited to the ground respect- 
ively. A step 211 following the steps 209 and 210 
decides whether or not the voltage at the line 102 is 
in a low level. When the voltage at the line 102 is 
decided to be not in the low level, that is, when the 

30 resistor 25 is judged to be normal, the program adv- 
ances from the step 21 1 to a step 214. When the volt- 
age at the line 102 is decided to be In the low level, 
that is, when the resistor 25 is judged to be short-cir- 
cuited, the program advances from the step 211 to a 

35 step 212 which activates the lamp 24. The activation 
of the lamp 24 informs the vehicle driver of such a mal- 
function. A step 21 3 following the step 212 makes the 
switching transistors 1 7 and 20 conductive, so that the 
constant-current circuits A and B will be disabled and 

40 an erroneous activation of the squibs 5 and 1 0 can be 
prevented in the event of a short-circuit of the resistor 
25. After the step 213, the program advances to the 
step 214. The voltage at the line 100 depends on 
whether or not the squib 5 is in a wrong condition such 

45 as an open state. The step 214 decides whether or not 
the voltage at the line 100 lies in a predetermined 
good range, in order to detect an open state of the 
squib 5. When the voltage at the line 100 is decided 
to be in the good range, that is, when the squib 5 is 

so decided to be normal , the program advances from the 
step 214 to a step 216. When the voltage at the line 
100 is decided to be not in the good range, that is, 
when the squib 5 is decided to be wrong, the program 
advances from the step 214 to a step 215 which acti- 

55 vates the lamp 24. The activation of the lamp 24 
informs the vehicle driver of such a malfunction. After 
the step 215, the program advances to the step 216. 
The voltage at the line 101 depends on whether or not 
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ively; acceleration detecting means for 
detecting an acceleration of the vehicle upon a 
collision of the vehicle and executing a switching 
operation in response to the detected vehicle 
5 acceleration; first and second constant-cur- 
rent circuits supplied with an electric power from 
a vehicle battery and feeding constant electric 
currents for a firing operation to the first and sec- 
ond squibs respectively in response to the switch- 
to tng operation of the acceleration detecting 
means; and energy storage means for feed- 
ing a backup electric power to the first and second 
constant-current circuits when the supply of the 
electric power from the vehicle battery to the first 
is and second constant-current circuits is cut off; 

wherein each of the first and second constant- 
current circuits comprises a first transistor for 
feeding an electric current to the related squib, a 
first resistor for detecting a level of the electric 
20 current fed to the squib, a second transistor con- 
ducting an electric current with a level which 
depends on the electric current level detected by 
the first resistor, a second resistor for generating 
a voltage which depends on the electric current 
25 conducted by the second transistor and for con- 
trolling the first transistor in response to the gen- 
erated voltage to control the electric current fed to 
the squib, and a third transistor connected in par- 
allel with the second transistor for ensuring an 
30 operation of the second transistor. 

3. Apparatus according to claim 1 or claim 2 wherein 
the acceleration detecting means comprises a fir- 
ing transistor provided in a power supply line to 

35 the first and second activating means or squibs, 
an acceleration sensor for detecting the acceler- 
ation of the vehicle and generating an acceler- 
ation signal representative thereof, and control 
means for detecting a collision of the vehicle in 

do response to the acceleration signal from the 
acceleration sensor and activating the firing tran- 
sistor upon a detection of the collision of the ve- 
hicle. 

45 4. Apparatus according to claim 3 further comprising 
means for checking the power supply line to the 
first and second activating means or squibs to 
detect a malfunction of the power supply line to 
the first and second activating means or squibs. 

50 

5. Apparatus according to claim 4 further comprising 
means for inhibiting operations of the second and 
third transistor when the checking means detects 
the malfunction of the power su pp!y I ine to the first 
55 and second activating means or squibs. 



the squib 10 is in a wrong condition such as an open 
state. The step 21 6 decides whether or not the voltage 
at the line 101 lies in a predetermined good range, in 
order to detect an open state of the squib 10. When 
the voltage at the line 1 01 is decided to be in the good 
range, that is, when the squib 1 0 is decided to be nor- 
mal, the program returns from the step 216 to the step 
207. When the voltage at the line 101 is decided to be 
not in the good range, that is, when the squib 10 is 
decided to be wrong, the program advances from the 
step 216 to a step 217 which activates the lamp 24. 
The activation of the lamp 24 informs the vehicle 
driver of such a malfunction. After the step 217, the 
program returns to the step 207. 

This embodiment may be modified as follows. A 
first modification includes an additional combination 
of an air bag at the vehicle rear seat a squib, and a 
constant-current circuit A second modification uses a 
chargeable battery in place of the backup capacitor 3. 

Claims 

1 . Apparatus for protecting vehicle occupants com- 
prising: first and second protection means 
located at different positions within a vehicle for 
protecting occupants of the vehicle; first and sec- 
ond means for activating the first and second pro- 
tection means respectively; acceleration 
detecting means for detecting vehicle acceler- 
ation of and switchable following collision of the 
vehicle in response to the detected vehicle accel- 
eration; first and second circuits for feeding firing 
currents to the first and second activating means 
respectively in response to the switching of the 
acceleration detecting means; and energy stor- 
age means for feeding backup power to the first 
and second circuits when a supply of power from 
the vehicle battery to the first and second circuits 
is cut off; wherein each of the first and second cir- 
cuits comprises a first transistor for feeding an 
electric current to the related activating, a first 
resistor for detecting a level of the electric current 
fed to the activating means, a second transistor 
conducting an electric current dependent upon 
the electric current detected by the first resistor, 
and a second resistor for generating a voltage 
dependent upon the electric current conducted by 
the second transistor and for controlling the first 
transistor in response to the generated voltage to 
control the electric current fed to the activating 
means. 

2. A vehicle air bag apparatus comprising: first 
and second air bags located at different positions 
within a vehicle for protecting occupants of the ve- 
hicle; first and second squibs for firing and 
activating the first and second air bags respect- 



6. Apparatus according to claim 4 further comprising 
means for indicating the malfunction of the power 
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supply line to the first and second activating 
means or squibs when the checking means 
detects the malfunction of the power supply line 
to the first and second activating means or 
squibs. s 

7. Apparatus for protecting vehicle occupants com- 
prising: first and second protection means; 
first and second means for activating the first and 
second the protection means respectively; 10 
means for detecting a vehicle collision; means for 
supplying first and second electric currents to the 
first and second activating means respectively 
when the detecting means detects a collision; 
means for regulating the first electric current and fs 
second electric current; wherein the first cur- 
rent regulating means comprises varying means 
for varying the first electric current, sensing 
means for sensing 8 level of the first electric cur- 
rent, and first and second control means for con- 20 
trolling the varying means in response to the first 
electric current level sensed by the sensing 
means, the first and second control means back- 
ing up each other when one of the first and sec- 
ond control means fails. 2s 

$. A vehicle air bag apparatus comprising: first 
and second air bags; first and second squibs 
for activating the first and second air bags re- 
spectively; means for detecting a collision of 30 
a vehicle; means for supplying first and sec- 
ond electric currents to the first and second 
squibs respectively when the detecting means 
detects the collision of the vehicle; first regu- 
lating means for regulating the first electric cur- 35 
rent; and second regulating means for 
regulating the second current; wherein the 
first regulating means comprises first varying 
means for varying the first electric current first 
sensing means for sensing a level of the first elec- 40 
trie current, and first and second control means 
for controlling the first varying means in response 
to the first electric current level sensed by the first 
sensing means, and the first and second control 
means backing up each other when one of the 45 
first and second control means fails; wherein the 
second regulating means comprises second 
vary ing means for varying the second electric cur- 
rent, second sensing means for sensing a level of 
the second electric current, and third and fourth so 
control means for controlling the second varying 
means in response to the second electric current 
level sensed by the second sensing means, the 
third and fourth control means backing up each 
other when one of the third and fourth control ss 
means fails. 



rein the collision-detecting means comprises 
acceleration detecting means for detecting an 
acceleration of the vehicle upon a collision of the 
vehicle and executing a switching operation in 
response to the detected vehicle acceleration, 
and wherein the acceleration detecting means 
comprises a firing transistor provided in a power 
supply line to the first and second activating 
means or squibs, an acceleration sensor for 
detecting the acceleration of the vehicle and 
generating an acceleration signal representative 
thereof, and control means for detecting a colli- 
sion of the vehicle in response to the acceleration 
signal from the acceleration sensor and activating 
the firing transistor upon a detection of the colli- 
sion of the vehicle. 

10. Apparatus according to claim 9 further comprises 
means for checking the power supply line to the 
first and second activating means squibs to 
detect a malfunction of the power supply line to 
the first and second squibs. 

11. Apparatus according to claim 10 further compris- 
ing means for inhibiting operations of the first, 
second, third, and fourth control means when the 
checking means detects the malfunction of the 
power supply line to the first and second squibs. 

12. Apparatus according to claim 10 further compris- 
ing means for indicating the malfunction of the 
power supply line to the first and second squibs 
when the checking means detects the malfunc- 
tion of the power supply line to the first and sec- 
ond squibs. 



9. Apparatus according to claim 7 or claim 8, whe- 
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